minor pipetting errors and cross-contamination are some of the reasons for the preference of SYBR Green I application in molecular-related techniques (22) .
Objectives
In this study, SYBR Green I real-time RT-PCR assay targeting the N protein gene of S RNA for detection of WSMoV was developed. This assay will improve efficiency and sensitivity of the diagnosis.
Materials and Methods

Primer Design
A specific primer pair was designed based on the nucleocapsid (N) protein gene of WSMoV published previously in GenBank (accession no. HQ695853). The forward and reverse primer sequences were F1 (5′-CTTATGGGTTGAATGTGCCTG-3′: the position of WSMoV N protein gene of 395 to 415) and R1 (5′-CCTTAGCCACTTTACAAACTTG-3′: the position of WSMoV N protein gene of 577 to 598), respectively. The primers were synthesized by TaKaRa (Dalian, China).
RNA Extraction and cDNA Synthesis
Infected watermelons with signs of disease symptoms of WSMoV were collected from Guangzhou, South China and the infection was confirmed by double antibody sandwich ELISA (DAS-ELISA) and RT-PCR as described previously (3) . Total RNA was extracted using RNA Extraction kit (May Gene, China) according to the manufacturer's protocol. The extracted RNA was dissolved in DEPC-treated ddH 2 O, and stored at -20°C until further use. The cDNA was synthesized from total RNA isolated from infected watermelon leaves using PrimeScript TM RT Master Mix kit (TaKaRa, Dalian, China) following the manufacturer's instructions. The reaction conditions were: 37°C for 15 min, 85°C for 5 s. The synthesized cDNA was stored at -20°C.
Construction of Standard Curve
In order to construct the standard curve, one-step RT-PCR was performed with the WSMoV specific primer pair F1/R1. The amplification was carried out in a reaction volume of 25 μL by using TaKaRa One-
Step RT-PCR kit (Dalian, China) with 1 μM of forward and reverse primers (F1/R1). The reaction conditions were set at 50°C for 30 min and 94°C for 5 min, followed by 35 cycles of 94°C for 30 s, 58°C for 30 s and 72°C for 1 min, with a final extension step of 72°C for 10 min. The amplification product was analyzed by gel electrophoresis. A 204 bp DNA fragment of the N protein gene of WSMoV was amplified and cloned into a pMD18-T vector (TaKaRa, Dalian, China). The positive plasmids were confirmed by sequencing. The DNA concentration of the positive plasmid was determined by NanoPhotometer Pearl P300 (IMPLEN, Germany) and converted to molecular copies.
The plasmids were diluted 10-fold serially to have final concentrations of 5.6×10 3-7 copies/μL. A standard DNA curve for the range of 5.6×10 7 to 5.6×10 3 DNA copies per reaction was generated by analyzing each dilution in triplicate by SYBR Green I real-time PCR. The standard curve was constructed by plotting a linear regression curve with the mean Ct values on the Y-axis and the copy number on the X-axis.
SYBR Green I Real-Time RT-PCR Assay and Melting Curve
The SYBR Green I based real-time RT-PCR assay was performed using a SYBR PrimeScript RT-PCR Kit (TaKaRa, Dalian, China) according to the instructions in Thermal Cycler Dice Real Time System TP800 (TaKaRa, Dalian, China). The 25 μL reaction contained 2 μL DNA template, 0.4 mM each of F1 and R1 primers, 12.5 L SYBR Premix Ex Taq, 8.5 μL ddH 2 O. Cycling conditions included 30 s of denaturation at 95°C, followed by 40 cycles of PCR amplification at 95°C for 5 s, 58°C for 30 s. A melting curve was recorded by holding at 95°C for 15 s, cooling to 60°C for 30 s, and heating at 95°C for 15 s. The melting curve was performed using dilutions of 5.6×10 7 to 5.6×10 3 of the plasmid DNA. Each concentration of the plasmid DNA was checked twice. The amplification and melting curve data were collected and analyzed using the Thermal Cycler Dice Real Time System TP800 software (TaKaRa, Dalian, China).
Assay Specificity
The specificity of WSMoV SYBR Green I realtime PCR was assessed by testing the cDNAs generated from Capsicum chlorosis virus (CaCV, genus Tospovirus), WSMoV, Cucumber mosaic virus (CMV, genus Cucumovirus) isolates, and the healthy watermelon leaf. The real-time PCR products were also verified by electrophoresis on a 2% (w/v) agarose gel.
Assay Reproducibility
To assess the reproducibility of the real-time RT-PCR, the inter-assay variability of the Ct values obtained after amplification of 5.6×10 6 copies per reaction of the plasmid DNA standard was checked eight times.
Evaluation of the SYBR Green I Real-Time RT-PCR Assay
Twenty seven watermelon samples with signs of WSMoV-like infection symptoms collected from Guangzhou, China were evaluated by SYBR Green I real-time RT-PCR assay to confirm the feasibility of this technique in detection of the foreign viral particles. At the same time, all samples were detected with RT-PCR. Samples with Ct values exceeding 35 cycles were regarded as negative.
Results
Construction of Recombinant Plasmids
A 204 bp target fragment was amplified by RT-PCR and cloned in a pMD18-T vector. The pMD18-T recombinant clones were analyzed and sequenced. The results indicated that the sequences were completely consistent with the N protein gene target of WSMoV (4).
Standard Curve
A standard curve was determined by using 10-fold serial dilutions of the DNA standards ranging from 5.6×10 7 to 5.6×10 3 copies/reaction in triplicate (Figure 1) . Ct-values were measured and plotted against the known copy numbers of the standard sample. The standard curve covered a linear range of five orders of magnitude. The standard curve of WSMoV showed the equation of y= -3.532 LOG(X) + 46.99 and coefficient of correlation (R 2 ) of 0.996 (Figure 1 ). The standard curve showed an amplification efficiency of 91.9% and covered a linear range from 5.6×10 7 to 5.6×10 3 copies of viral cDNA. This assay could also be used to quantify target RNA in infected tissue.
Melting Curve
To verify the correct product, melting curve analysis was performed using different concentrations of the plasmid DNA. The melting curve showed that the WSMoV N protein gene-specific amplicon melts at 81°C (Figure 2) , and no primer-dimers were detected. All reactions with WSMoV target genes were present exhibited a single dissociation peak. No dissociation curve was reported for cDNA from the uninfected watermelon leaf for any reactions.
Specificity of SYBR Green I Based Real-Time RT-PCR
The real-time RT-PCR assay in this study was specific for WSMoV. The specific amplifications were also confirmed by detecting specific bands of 204 bp for WSMoV using agarose gel electrophoresis. No specific products were detected for CaCV and CMV isolates, and the healthy watermelon leaf (Figure 3 ).
Reproducibility of the Real-Time RT-PCR
Standard plasmid with 5.6×10 6 copies per reaction were subjected to SYBR Green I real-time PCR. The results were consistent in all 8 times that we were repeated the experiment (Figure 4 
Evaluation of Assay Performance
To evaluate the performance of SYBR Green I assay for detection of WSMoV 
Discussion
In South China, high temperature and high cropping index are favorable for the WSMoV disease development and thrips outbreak, which results in significant yield reductions. Although several techniques have been developed for WSMoV detection, more sensitive SYBR Green I real-time RT-PCR assay will produce more accurate detection result. The present study describes a SYBR Green I real-time RT-PCR assay for routine laboratory diagnosis of WSMoV infection.
SYBR Green I real-time PCR assay is ideal for using a DNA-binding dye because such dyes are inexpensive. Given the high sensitivity of SYBR Green I real-time PCR, many factors affect the accuracy of the assay. The major disadvantage of SYBR Green I realtime PCR assay occurs when the dye molecules bind to double-stranded DNA fragments in the reaction, including primer-dimers and non-specific products. Therefore, melting curve analysis following real-time PCR is required to guarantee reaction accuracy. The established real-time RT-PCR assay in this study showed good specificity, in which only one sharp peak was detected in the melting curve chart (Figure 2) , suggesting the absence of primer-dimers and non-specific products in the reaction. The specificity was also verified through agarose gel electrophoresis.
To generate the standard curve of WSMoV, a plasmid DNA representing the partial N protein gene of WSMoV was used as the template, which made the procedure very quick and simple (23) . The wide linear range of 5 to 7 units covered by the standard curves was similar to that of other reported SYBR Green I assays for virus detection (18, 23) . R 2 value was 0.996, which indicated good correlation between viral copy numbers and Ct values. The amplification efficiency was 91.9%, which is well within the permissible range (90% to 120%), indicating highly efficient amplification. About 1.6% of the mean inter-assay variability of the Ct values was considered acceptable for SYBR Green I real-time PCR assay (24) .
The agreement between the SYBR Green I realtime RT-PCR and the conventional RT-PCR was more than 90%. The results showed that the sensitivity of SYBR Green I real-time RT-PCR was higher than that of conventional RT-PCR, which is less sensitive than those reported for other viruses (23, 25) . This finding may be attributed to the efficiency of reverse transcription reaction, PCR cycling conditions, and performRao X. and Sun J.
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Iran J Biotech. 2015;13(3):e1124 Figure 3 . The specificity of the SYBR Green I real time RT-PCR assay of detection of WSMoV, CaCV, and CMV infected samples. Lane 1: the cDNAs generated from WSMoV isolate. Lanes 2-3: the cDNAs generated from CaCV and CMV isolates, respectively. Lane 4: the cDNAs generated from total RNA of healthy watermelon leaves Figure 4 . Reproducibility analysis of the specificity of the SYBR Green I based real-time PCR assay by evaluating the mean variability obtained after amplification of 5.6 ×10 6 copies per reaction in eight times ance of real-time PCR instruments, including the concentration of viruses in plants.
In this study, a highly sensitive and efficient SYBR Green I real-time RT-PCR method for the detection of WSMoV in infected samples was developed and proven useful for WSMoV detection and field investigation.
